conclusions centenarians have a very low prevalence of high BP and high cholesterol compared with the general population. There seems to be an inverse relationship between the risk factors for cardiovascular disease vs. the risk factors for dementia in our sample. There appears to be a complex interaction between BP and health in old age.
Paralleling the increases in average life expectancy since the 1900s, there has been a dramatic increase in the number of centenarians in industrialized nations. 1 Centenarians have demonstrated an exponential growth in Australia over the past few decades, in which the numbers of centenarians increased from 131 in 1971, to 2,297 in 2001 and to 3,154 in 2006. 1, 2 But rather than growing increasingly sick and debilitated with age, centenarians are a group of survivors who seem to be healthier than the general elderly population, and they demonstrate a much lower prevalence of age-related conditions such as cardiovascular disease. 3 This has lead to growing interest in centenarian research.
It has been established that the prevalence of hypertension increases with age. The prevalence of hypertension among Australians aged 25 years or more is 30% and the prevalence is greater than two-thirds in people aged ≥75 years. 4 There is minimal data concerning age groups beyond 75 years old, but epidemiological studies conducted in North America have demonstrated that blood pressure (BP) not only increases with age up to the eight decade of life, but that age is associated with an increasing severity of hypertension. 5 Hypertension is a major risk factor for atherosclerosis, and is thus associated with the increase in cardiovascular mortality and morbidity with age. 4 On the other hand, hypercholesterolaemia when defined as blood cholesterol levels ≥5.5 mmol/l, is present in 52% of Australian adults ≥25 years old. 6 However, there is a considerable decline in its prevalence in those ≥75 years old, suggesting that individuals with hypercholesterolaemia encounter premature death. 4 Thus hypercholesterolaemia is perhaps incompatible with longevity.
There is limited data from other centenarian studies with notable exceptions such as the BP studies among centenarians in Poland, 7 Sweden, 8 Italy, 9 and the United States. 10 At present, there is no data on hypertension and hypercholesterolaemia among centenarians in Australia. The aim of this study was to
Background
The objective of this study was to examine blood pressure (BP) and cholesterol levels among centenarians in australia, and to compare the relationship between these biological parameters with cognitive and functional status.
Methods
We performed BP (n = 142) and cholesterol (n = 67) measurements using the Omron automated sphygmomanometer (Omron healthcare, Melbourne, australia) and the LDX cholestech analyzer (Inverness Medical, San Diego, ca), respectively. a medical history was also obtained. cognitive and functional statuses were assessed using the Mini-Mental State Examination (MMSE) and Katz Index of Independence in activities of Daily Living (Katz aDL), respectively. results average age of participants was 101.1 years. hypertension was demonstrated in 1% according to the WhO criterion (≥140/90 mm hg). however, 38% of centenarians were hypertensive, defined as having a medical diagnosis of hypertension, and/or being on antihypertensive medications, and/or having a BP measurement ≥ 140/90 mm hg. Mean values were: systolic = 130 mm hg (90-182 mm hg), diastolic = 70 mm hg (44-98 mm hg), and pulse pressure (PP) = 60 mm hg (20-130 mm hg). hypercholesterolaemia was only detected in 8% of participants. hypertension was not associated with increased risk of hypercholesterolaemia. Low systolic BP (SBP) and narrower PP was associated with lower MMSE scores. high SBP and wider PP was associated with better functional status.
original contributions
Age Link Between BP vs. Cognitive, Functional Status assess the prevalence of hypertension and hypercholesterolaemia in a sample of centenarians in Australia, and to compare BP with functional status and other biological measurements.
Methods
Patient population. This study was conducted as part of the Australian Centenarian Study between July 2007 and November 2009. The Australian Centenarian Study consisted of centenarians who underwent sociodemographic, medical, psychological, and functional status examinations. In the present study, we analyzed data from a subset of 142 centenarians concerning their BP and cholesterol. A convenience sampling approach was used in which participants were recruited through systematically calling aged care facilities (nursing homes, hostels, and retirement villages) and aged care support groups (e.g., meals on wheels) to locate centenarian residents in aged care accommodation and in private dwellings. We also identified centenarians through news items (national, state, and local newspapers) and through liaising with health professionals, who provided centenarians from their patient database.
A total of 142 participants were recruited from the states of New South Wales, Queensland, Victoria, Australian Capital Territory and South Australia. Our study received institutional ethics committee approval. Our study included 112 (79%) females and 30 (21%) males, in which consent was obtained from the centenarians themselves or by their caregivers. The 100th birthday congratulatory letters from Queen Elizabeth II and from the Governor-General and Prime Minister of Australia were used to verify participants' age.
Study protocol and measurements. All participants had their BP assessed at their place of residence, and three measurements were taken using the Omron automated sphygmomanometer in the sitting position. Cholesterol measurements were also taken where possible using a finger-prick blood sample, analyzed by the LDX Cholestech Analyzer (Inverness Medical). The LDX Cholesterol Analyzer was calibrated and controls were run to validate the tests. Also, the test cassettes were encoded with their expiry date, and they cannot be used beyond the date. We attempted to take cholesterol measurements from all participants, but this was successful in 67 participants only. A small but significant vial of blood was needed to measure cholesterol using the LDX Cholestech Analyzer, and this was not possible among participants who were "too dry" and had poor peripheral blood circulation, as well as in those who refused this invasive measure.
A medical history was taken from participants, and medical records were reviewed to provide information about medical conditions, diagnoses, and medications. Cognitive functioning was assessed using the Mini-Mental State Examination (MMSE) 11 and functional status was measured with the Katz Index of Independence in Activities of Daily Living (Katz ADL). 12 The Katz ADL tool has been used since its development in 1963 to assess six basic domains of physical functioning and independent living: bathing, dressing, toileting, transferring, continence, and feeding. It has been used extensively in clinical practice and research to screen for functional impairment in older adults living in clinical and home environments. Research conducted with the scale has indicated it has acceptable psychometric properties when used as a basic measure of functional ability, particularly amongst older adults. 13 Statistical analysis. The statistical analysis was performed using Statistical Package for the Social Sciences Version 17 for Windows. Descriptive analyses were performed on BP and cholesterol measurements. The average of three BP measurements was taken for analysis. We defined hypertension as systolic pressure ≥140/90 mm Hg, and/or receiving treatment for hypertension and/or having a medical diagnosis of hypertension. One-way analysis of variance and Pearson's correlations were used to examine relationships between BP and cognitive and functional status.
results
There were 112 females and 30 males, and the mean age of participants was 101.1 years. The mean systolic BP (SBP) and diastolic BP (DBP) measurements of our study population were 130 and 70 mm Hg, respectively. The mean MMSE score for participants was 22.01 (s.d. = 6.38), and 17% of participants had been previously diagnosed with dementia. The mean Katz ADL score was 3.65 (s.d. = 1.805). Participants generally had a favorable cardiovascular risk profile. There were no current smokers, none were obese, and only 8.7% had diabetes mellitus.
hypertension
When hypertension was defined as the average value of three BP measurements ≥140/90 mm Hg, 41 (29%) presented with isolated systolic hypertension, 5 (3.5%) presented with isolated diastolic hypertension, and 2 (1%) presented with systolodiastolic hypertension. Based on a definition of hypertension as BP ≥160/90 mm Hg, 12 (8.5%) presented with isolated systolic hypertension, 5 (3.5%) presented with isolated diastolic hypertension, and 2 (1%) presented with systole-diastolic hypertension.
The pulse pressure (PP), the difference between SBP and DBP, was 60 mm Hg (20-130 mm Hg). Of the centenarians, 65% had PP wider than 50 mm Hg, 43% had PP wider than 65 mm Hg, and only 8% had PP wider than 90 mm Hg. The mean PP was wider among participants with a history of cardiovascular disease (63 mm Hg) than in those without (59 mm Hg), but this result was not significant (F(1,138) = 0.504, P = 0.605).
From the medical history, 52 (39%) had a diagnosis of hypertension and 38 (27%) were currently on antihypertensive medications. In addition, 41 (29%) had a history of cardiovascular disease, which includes heart disease and stroke.
In total, 38% of centenarians were hypertensive, defined as having a medical diagnosis of hypertension, and/or being on antihypertensive medications, and/or having a BP measurement ≥140/90 mm Hg. The same percentage of centenarians were hypertensive (38%) when the criteria of BP ≥160/90 mm Hg was used to define hypertension.
We did not detect any significant differences in BP between male and female centenarians. Of the 67 participants who had their nonfasting total cholesterol measured, the mean total cholesterol for participants was 4.35 mmol/l, which is indicative of normal (normal <5.5 mmol/l). Only 6 (8%) participants had a cholesterol measurement ≥5.5 mmol/l, and only 7 (8%) met criteria for hypercholesterolaemia. All 8% were on statins. No significant correlation existed between cholesterol and BP, cognitive function and/or functional status.
BP and history of cardiovascular disease
We then divided centenarians into three categories: those who were diagnosed with cardiovascular disease before 75 years old, those who were diagnosed with cardiovascular disease after 75 years old, and those who did not have a history of cardiovascular disease. In terms of BP, there was a nonsignificant trend toward reduced rates of hypertension at 100 years, for participants who did not have a history of cardiovascular disease were less likely to have hypertension at 100 years old (χ 2 = 5.679, P = 0.058).
BP and cognitive function
The mean SBP, DBP, and PP values for demented vs. nondemented participants are outlined in Table 1 . Demented participants had a narrower PP compared to non-demented counterparts (F(1,134) = 4.929, P = 0.009). Overall, there was a positive correlation between SBP and MMSE scores (r = 0.37, P = 0.001), such that individuals who had higher SBP demonstrated better cognitive function. A similar association was not found with DBP.
BP and functional status
There was no difference between hypertensive and normotensive participants in terms of functional status (F(1,173) = 0.102, P = 0.750). But on examination of the BP components, participants with higher SBP (r = 0.18, P = 0.04) and a wider PP (r = 0.18, P = 0.03) had significantly better functioning on Katz ADL. There was no association between Katz ADL with DBP. We also calculated the mean SBP and DBP measurements for each of the Katz ADL categories. At the maximum Katz score of 6 (full function), the mean SBP/DBP was 136/70 mm Hg. discussion This is the first study to describe empirical data on the BP of centenarians in Australia. The ratio of female to male centenarians in this study (79 to 21%) corresponds closely to the proportion of females reported in the 2006 Australian Census (75%). 2 Females similarly outnumbered males and comprised 82% 8 and 85% 10 of total centenarians in the European and North American centenarian studies, respectively.
This study has shown that although BP values tend to increase with age, the prevalence of hypertension (38%) in centenarians was much lower than the reported prevalence of ~66% for Australians ≥75 years old. 4 Comparing our data with other centenarian studies of BP, our results were similar to studies of centenarians in Poland (36% were hypertensive) 7 and Uygur in East Asia (39%). 14 However, the Swedish (7%), 8 Italian (19%), 9 and New England Centenarian Study in the United States (19%) 10 reported much lower rates of hypertension among their centenarian participants, which was mainly due to the different definitions of hypertension (as ≥160/90 mm Hg rather than 140/90 mm Hg) in the Italian and Swedish studies.
The prevalence of diagnosed hypertension among Australian centenarians (38%) was dramatically lower compared to the reported prevalence of around 66% for the general elderly population aged ≥75 years. 4 However, the significant finding was that centenarians had good control of their BP when measurements were taken during our visits. Despite a diagnosis of hypertension, when BP is controlled, the risk of cardiovascular disease and overall mortality is reduced. 15 In fact, only 32% of the sample reported ever having a heart disease or stroke compared to a prevalence of 63% for younger cohorts in the Australian community aged 75 years or more. 4 Our findings therefore support the literature that a low prevalence of hypertension, and particularly a good BP control, are associated with lower cardiovascular disease and longevity of life. Furthermore, we also found that participants without a history of cardiovascular disease were less likely to be hypertensive at 100 years old although this finding was nonsignificant.
The mean total cholesterol was within the normal range and only 8% of participants had blood cholesterol levels indicative of hypercholesterolaemia, compared to a prevalence of 70% in Australian individuals ≥75 years old. 4 Our findings were supported by the Italian study, which also reported a lower prevalence of hypercholesterolaemia (21.7%) among centenarians. 3 The authors of the Italian study found that centenarians consumed a diet low in meat and fat, and suggested that normal cholesterol levels were an indicator of good dietary habits. It was surprising that hypertensive participants in our study were not more prone to hypercholesterolaemia. Wong et al. 16 found that half of older persons out of the 2,864 examined have both hypertension and dyslipidemia, and only one-tenth of adults were controlled for both conditions. Perhaps the absence of these conditions, or a good control of hypercholesterolaemia and hypertension when they are present, is part of what sets centenarians apart from the general population, contributing to their ability to achieve exceptional longevity. Furthermore, Wong et al. 17 reported that hypertension and dyslipidemia increases the likelihood of overall cardiovascular disease event in an almost linear fashion. Our results add to Wong et al. 's findings (which reported that the co-occurrence of dyslipidemia and hypertension were predictors of poorer health) as we demonstrated the converse to be true: that long-lived individuals were characterized by the absence of dyslipidemia and hypertension, and a low prevalence of cardiovascular disease compared to the general population. Our findings of PP were comparable to other centenarian studies. Although a smaller proportion of our participants (65%) demonstrated PP >50 mm Hg compared to the Polish study (91%), 7 our mean PP value (60 mm Hg) was almost identical to that of a smaller study of only 16 healthy centenarians (60.5 ± 4.3 mm Hg). 16 PP has been recognized as an important cardiovascular risk factor and is superior to SBP and DBP measurements in predicting the risk of cardiovascular disease in the elderly. 7 In support of this theory, we found that PP values were higher among our participants who had a history of cardiovascular disease, even though this result was not statistically significant. However, large-artery stiffness increases with age, which increases SBP and lowers DBP thus widening the PP. 7 Previous findings of a large increase in PP with increasing age was supported by our findings in which isolated systolic hypertension (29%) was by far the most common type of hypertension among our centenarian participants compared to diastolic hypertension (3.5%) and even when compared to systolo-diastolic hypertension (1%).
In terms of cognitive function, our results support previous studies, which indicate that individuals with dementia have lower SBP compared to those without dementia 19, 20 and we also found that low SBP was significantly associated with a higher risk of dementia. The Kungsholmen project examined BP and dementia in individuals ≥75 years old and found that BP values declined over 3-6 years before dementia diagnosis and afterwards. 20 In addition, our study found that BP was still low among demented individuals years after the initial diagnosis had been made, and the relationship between low SBP and dementia was also present among individuals ≥100 years old. Our findings build upon previous studies, which have generally examined the relationship between BP and dementia in younger populations (<80 years old). We found that the association between low SBP and dementia was significant when examined as a continuous variable and in categories, among individuals ≥100 years old. It seems that the influence of BP on the risk of developing dementia is complex and may be agedependent. Previous studies have shown that mid-life hypertension was associated with elevated risk of heart disease and stroke, 21 and in addition Launer et al. 22 found that mid-life hypertension was associated with poorer cognitive function in later life. On the other hand, among the elderly, hypotension has been associated with increase risk of dementia. 23 It may be that hypotension may increase the risk of dementia in the elderly, as higher cerebral perfusion pressures are required to maintain cerebral perfusion. 24 However, it remains uncertain whether low BP is a risk factor for dementia, or a consequence of dementia. Nevertheless, we found further evidence for possible beneficial effects of high SBP in extreme old age, as participants with higher SBP demonstrated better functional status (and those with lower SBP demonstrated poorer functional status) on the Katz ADL. This finding has not been reported in the literature, but may be of interest to future studies as it adds to the complex interactions between BP and ageing. In light of the above, it appears that the relationship between BP and health is not linear, but varies according to age.
We also discovered that a complex age-dependent effect exists for PP. Our results differ from studies of younger individuals that associated high PP with cognitive decline. 25, 26 In fact, we found the opposite to be true among our centenarians-those with dementia demonstrated significantly lower PP compared to those without dementia. We also found that higher SBP and wider PP were associated with better functional status among centenarians. Our findings that low PP was associated with dementia in extreme old age and that low PP was associated with poorer functional status is the reverse to what has been reported among younger populations. This has lead us to speculate that perhaps an age-dependent effect also exists between PP and cognitive and functional status.
There were several limitations to this study. It should be noted that some response bias may exist in our sample, which was recruited through a convenience sampling technique common to previous research conducted with centenarians. Participants could have been those with high concern and attention to their health and wellbeing, and also those with sufficient health and cognitive capability to complete the assessment. It is also possible that this attitude is characteristic of people who reach 100 years of age or more and may in itself contribute to longevity of life. This possibility is worthy of investigation in future research conducted with centenarian populations. We do know that, in Australia, there are 3,154 centenarians, 1 and that our sample represents 4.5% of the total centenarian population. Certainly, one-third of participants in our sample reported some attention to health maintenance throughout their lives (n = 68), usually in the form of regular exercise (n = 37), healthy diet (n = 30), good and regular sleeping habits (n = 17), healthy attitude (n = 12), and taking dietary supplements (n = 7). However, we do not know for certain how representative our sample is of all centenarians in Australia. Another problem lies with the white-coat effect, an effect that could have been minimized with 24-h ambulatory BP measurements. Furthermore, we did not collect information about the particular medications that centenarians were taking, and we were not able to collect reliable information about their medications such as the duration for which antihypertensives were taken.
In conclusion, our select sample of centenarians demonstrated an extremely low prevalence of hypercholesterolaemia and a much lower prevalence of hypertension compared to the general elderly population in Australia. More importantly, despite the rates of diagnosed hypertension, centenarians original contributions Age Link Between BP vs. Cognitive, Functional Status demonstrated a very good control of BP, with only 1% of participants demonstrating BP values in the hypertensive range during our visit. A good control of their BP perhaps accounts for the low prevalence of cardiovascular disease seen in our cohort. Isolated systolic hypertension was the most common form of hypertension among centenarians, and the majority of participants indicated a high PP, which is attributed to arterial wall stiffening with age. Although mid-life hypertension is a risk factor for developing heart disease and stroke, low SBP in later life is associated with poor cognitive function in centenarians. Comparing our results with the literature, we suggest that there seems to be an inverse relationship between the risk factors for cardiovascular disease vs. the risk factors for dementia. There seems to be a narrow spectrum in which the SBP is ideal to avoid cardiovascular events and cognitive decline, if this is possible. Furthermore, our study reported novel findings regarding SBP and functional status. 
